Abstract: Cirrhosis is a chronic liver disease stage that encompasses a variety of etiologies resulting in liver damage. This damage may induce secondary complications such as portal hypertension, esophageal variceal bleeding, spontaneous bacterial peritonitis, and hepatic encephalopathy. Screening for and management of these complications incurs substantial health care costs; thus, determining the most economical and beneficial treatment strategies is essential. This article reviews the economic impact of a variety of prophylactic and treatment regimens employed for cirrhosis-related complications. Prophylactic use of β-adrenergic blockers for portal hypertension and variceal bleeding appears to be cost-effective, but the most economical regimen for treatment of initial bleeding is unclear given that cost comparisons of pharmacologic and surgical regimens are lacking. In contrast, prophylaxis for spontaneous bacterial peritonitis cannot be recommended. Standard therapy for spontaneous bacterial peritonitis includes antibiotics, and the overall economic impact of these medications depends largely on their direct cost. However, the potential development of bacterial antibiotic resistance and resulting clinical failure should also be considered. Nonabsorbable disaccharides are standard therapies for hepatic encephalopathy; however, given their questionable efficacy, the nonsystemic antibiotic rifaximin may be a more cost-effective, long-term treatment for hepatic encephalopathy, despite its increased direct cost, because of its demonstrated efficacy and prevention of hospitalization. Further studies evaluating the cost burden of cirrhosis and cirrhosis-related complications, including screening costs, the cost of treatment and maintenance therapy, conveyance to liver transplantation, liver transplantation success, and health-related quality of life after transplantation, are essential for evaluation of the economic burden of hepatic encephalopathy and all cirrhosis-related complications.
Introduction
Cirrhosis is a chronic liver disease with a multifactorial etiology (eg, chronic hepatitis viral infection, alcoholic liver disease, nonalcoholic fatty liver disease) that results in liver damage. 1 Resistance to liver blood flow because of fibrosis leads to portal hypertension (PH) and the formation of portosystemic collaterals, 2 which reduce blood flow through the liver 3 and lead to the accumulation of toxins in the systemic circulation. Symptoms of cirrhosis occur along a continuum, from no symptoms in the early stages of the disease to severe complications resulting from PH (eg, esophageal variceal bleeding [EVB] ) and reduced toxin clearance (eg, hepatic encephalopathy [HE] ).
The primary goals of therapy for cirrhosis are to manage patients' symptoms and prevent the occurrence of cirrhosis-related complications until liver transplantation can be performed.
2, 4 The standard of care strategy includes appropriate screening for and treatment of complications secondary to cirrhosis (eg, PH, EVB, spontaneous bacterial peritonitis [SBP] , and HE).
2 Although the incidence of these disorders has remained relatively stable in recent years, increases in the cost associated with hospitalization, screening, and treatment of these cirrhosis-related complications have raised concerns about the economic burden of these disorders. This review briefly discusses the economic impact of cirrhosis and highlights the health care cost burden of cirrhosis-related complications with a particular emphasis on HE.
Economic impact of cirrhosis
In the general population worldwide, up to 10% of people are estimated to have liver cirrhosis, although precise estimation is confounded because the disease may remain undiagnosed until related complications (eg, ascites, edema, bruising, encephalopathy) become apparent. 5 Cirrhosis is one of the leading causes of death worldwide, resulting in morbidity, a significant reduction in health-related quality of life (HRQOL), and a direct cost (excluding hepatitis C virus [HCV] ) of approximately $1.4 billion in the US. The main causes of liver cirrhosis are HCV, hepatitis B virus, and alcohol consumption, suggesting that the disease may be preventable. Indeed, several practices have been implemented to reduce the risk of hepatitis infections, including screening of blood donors and pregnant women for infection, vaccination programs for infants and high-risk populations, and the establishment of infection control practices in hospitals. 6 Unfortunately, the cost of some of these programs may not justify their implementation despite the fact that the effects of chronic infection (eg, cirrhosis) could be avoided. 7 In addition, despite a reduction in new infections, the cost of managing aging patients with chronic liver disease may be substantial. For example, in 2009 the per-patient cost of managing chronic HCV infection was projected to increase 3.5 times over the next 20 years. 8 Currently, the management of patients with cirrhosis focuses on treating underlying diseases (eg, HCV, hepatitis B virus) 2 , and associated symptoms, while maintaining patients' health until liver transplantation is possible. 4 In general, according to the Healthcare Cost and Utilization Project (HCUP), the number of hospital discharges for chronic liver disease and cirrhosis from 2002 until 2010 has increased from roughly 400,000 to 525,000 ( Figure 1 ). 9 The cost of hospitalization decreased slightly from 2005 to 2006, but still far exceeded that reported in 1993. The substantial increase in hospitalization costs may be attributable to inflation of overall health care expenditures and alterations in therapeutic regimens for the treatment of cirrhosis-related diseases (eg, HCV) in addition to normal rates of inflation.
After a preliminary trial in 1986, standard therapy for HCV consisted of subcutaneous injections of 3 million units of interferon-α three times a week for 24 weeks, 10 but subsequent optimization of treatment recommended the extension of therapy duration to 48 weeks in some patients and the addition of ribavirin 800 mg/day. 10, 11 In an economic evaluation of randomized controlled trials of 600,000
Hospital discharges coded to cirrhosis is increasing 12 When combined with ribavirin, the net cost of 48 weeks of therapy substantially increased to approximately $13,885.08. These more effective and more costly treatment regimens may allow more patients to survive to undergo liver transplantation. Economically, this translates into a greater number of patients who require medical care and incur the substantial cost of liver transplantation and follow-up management.
The present standard of care, direct antiviral agents telaprevir and boceprevir, has offered higher sustained virological response rates but with a substantial increase in cost. 13 For instance, telaprevir tends to cost $49,200 for the entire course of treatment, 12 weeks of therapy. Boceprevir costs are between $31,000 and $53,000 for 24-44 weeks of therapy.
14 Important to note is that these financial numbers do not include the cost of peginterferon-α or ribavirin.
In addition, patients awaiting transplantation must be evaluated and treated for cirrhosis-related complications to maintain overall health and be candidates for liver transplantation. 4 Maintenance of these patients represents a significant health care cost; the average annual cost for treatment of decompensated cirrhosis patients is substantially higher than that of patients with compensated cirrhosis. 15 Thus, cost-effective management of cirrhosis-related complications should be an economic priority.
Lastly, at a time of global economic crisis, the medical community must become more cognizant of the costeffectiveness of any drug. Recently, two studies reported on telaprevir and boceprevir therapy in treatment-naïve patients and those whose condition had relapsed or not responded to previous treatment. 16, 17 The marked increase in sustained virological response has shown both drugs combined with pegylated interferon and ribavirin are cost-effective when considering the decrease in lifetime incidence of liver complications, quality-adjusted life years, and the incremental cost-effectiveness ratio. 18, 19 Economic burden of cirrhosisrelated complications Cirrhosis remains clinically "silent" in approximately 40% of patients and becomes apparent only through routine medical examination or complaints of diffuse nonspecific symptoms (eg, anorexia, weakness, fatigue). 1 These patients are said to have compensated cirrhosis and have a 5-year survival rate of approximately 90%. 20 However, compensated cirrhosis may deteriorate into a decompensated state, resulting in PH, EVB, SBP, or HE. 1 Without proper management of these complications and subsequent liver transplantation, ,50% of patients with decompensated cirrhosis survive for 5 years. 20 PH, which is often the first cause for hospitalization in patients with cirrhosis, may contribute to the development of other complications, including ascites, hepatorenal syndrome, variceal bleeding, and HE because of sinusoidal hypertension, peripheral vasodilatation, and the development of portosystemic collaterals.
2 According to HCUP, the total number of hospital discharges receiving a principal diagnosis of PH or EVB has tended to decrease since 1993. 9 In contrast, the number of hospital discharges with cirrhosis-related HE and SBP has increased.
Interestingly, hospital charges associated with cirrhosisrelated complications have increased from 1993 to 2009, despite either stability or reductions in the mean length of hospital stay. ). These estimates of hospital cost associated with cirrhosis-related complications may be skewed because patients with these disorders are likely to require more than one hospital stay per year; however, the actual cost burden is probably greater than the numbers reported by HCUP because of costs associated with nonhospital care (ie, physician office visits, medications, screening for additional complications or deterioration of complications, and use of nonhospital caregiving facilities). Indeed, the percentage of patients with HE who were discharged to nursing homes or rehabilitation centers increased from 2.6% to 23.3% between 1993 and 2009.
Indirect costs (eg, lost work productivity, car accidents resulting from patients with minimal HE) also have an impact on the economic burden of cirrhosis-related complications and are, to date, unexamined. Further, the cost of ineffective therapeutic and maintenance regimens, including expenditures associated with reductions in HRQOL, increase the economic burden of cirrhosis-related diseases. The evaluation and use of cost-effective therapeutic strategies to prevent the occurrence and halt the progression and relapse of various cirrhosis-related complications is essential in reducing the economic impact of these disorders. 
Cost analysis of therapy for cirrhosis-related complications EvB
EVB is a lethal consequence of PH. 21 Varices form at a rate of 8% per year in patients with cirrhosis and are associated with a hepatic venous pressure gradient . 10 mmHg. 22 According to guidelines provided by the American Association for the Study of Liver Diseases and the American College of Gastroenterology, esophagogastroduodenoscopy should be performed upon diagnosis of cirrhosis. If small varices are present but not bleeding, nonselective β-blockers may be used to prevent rupture. Patients with medium or large nonbleeding varices either may be administered β-blockers (eg, propranolol) or may have endoscopic variceal ligation (EVL) performed, depending on other diagnostic factors (eg, Child-Pugh class). Other options include surgical shunt (eg, transjugular intrahepatic portosystemic shunt [TIPS]), endoscopic sclerotherapy, although neither of these is recommended as prophylaxis for nonbleeding varices.
Primary prophylaxis with β-blocker therapy appears to be more cost-effective than EVL, sclerotherapy, shunt surgery, and "do nothing" strategies. 21, 23 There is some debate, however, as to whether prophylactic β-blocker therapy should be administered in patients who are at risk for variceal bleeding (eg, those with large varices, Child-Pugh class B or C cirrhosis, and presence of red wale marks upon endoscopy) or whether treatment should be given to all patients with cirrhosis, regardless of endoscopic results. In a decision model analysis, the total costs (in 2000 US dollars) associated with no prophylaxis, endoscopy screening before prophylaxis, and universal prophylaxis strategies were $36,700, $37,300, and $34,100 per patient, respectively. 24 Universal prophylaxis was associated with the highest number of quality-adjusted life years (QALYs; 6.65) compared with no prophylaxis (4.84 QALYs) and endoscopy screening (5.72 QALYs) strategies. 24 These data suggest that universal prophylaxis therapy in patients with cirrhosis offers a substantial economic benefit. 21, 24 Once variceal bleeding occurs, antibiotics (eg, ciprofloxacin) are administered to reduce the risk of SBP or other infections in addition to pharmacologic (eg, vasopressin with or without nitroglycerin, terlipressin, somatostatin, octreotide) or endoscopic (eg, EVL, sclerotherapy) therapies to control bleeding. 22 To date, no cost comparisons between these strategies (pharmacologic versus endoscopic therapy) are available, although a Cochrane metaanalysis concluded that endoscopic therapy (eg, sclerotherapy) was not superior to pharmacotherapy in patients with EVB and was associated with additional risks for adverse events versus pharmacologic intervention. 25 In cases where patients' symptoms are nonresponsive to pharmacologic or endoscopic therapies, surgical techniques (eg, shunt surgery, TIPS) may be used to control variceal bleeding; however, cost comparisons of surgical techniques versus pharmacologic or endoscopic therapies have not been performed. Although surgical intervention may intuitively appear to be less cost-effective than pharmacologic or endoscopic therapies because of the occurrence of prolonged hospitalization, utilization of the intensive care unit, and perioperative blood requirements, the resulting reductions in rehospitalization and improvement in HRQOL in surgically managed patients suggest that such procedures submit your manuscript | www.dovepress.com
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should not be economically discounted. 26 In addition, patients who received surgical intervention would not be required to undertake preventive measures for rebleeding, further reducing the overall cost burden.
2
After initial variceal bleeding is controlled, patients who receive pharmacologic or endoscopic therapy must be actively managed to prevent recurrence. 22 Nonselective β-blockers in combination with EVL are recommended, but shunt surgery or TIPS may also be implemented in cases of recurrent bleeding that do not respond to pharmacologic or endoscopic therapy. A cost analysis of observation alone, pharmacologic therapy, EVL, EVL combined with pharmacologic therapy, or TIPS demonstrated that combined treatment with β-blockers and EVL was more effective and more economical than any of the other strategies. 27 In contrast, a study evaluating the cost of TIPS versus sclerotherapy or EVL demonstrated that TIPS was the most cost-effective strategy because some patients treated with sclerotherapy or EVL required subsequent TIPS due to nonresponse. 28 However, this study may not have taken into account that patients receiving TIPS have a higher incidence of HE compared with those not receiving TIPS.
2 Given this observation, an accurate representation of the total economic cost burden of TIPS would have to encompass the cost of treatment related to the management of HE in addition to variceal bleeding. Although no such cost analyses have been performed, it is likely that the additional cost of HE management prohibits TIPS as a first-line therapy for secondary prophylaxis.
SBP
SBP is a frequent, life-threatening complication of cirrhosis. 29 This infection of ascitic fluid occurs without an intraabdominal infection or inflammation. The main causative agents of SBP, determined by culturing the ascitic fluid, are bacteria (eg, Escherichia coli, streptococci, Klebsiella spp). Patients with cirrhosis and ascites who develop symptoms of SBP (ie, fever, chills, abdominal pain, tenderness) with or without worsening of kidney or liver function may be screened for SBP, which is diagnosed when the polymorphonuclear cell count of ascitic fluid is .250/mm 3 .
2
Because of the bacterial origin of SBP, antibiotics (eg, cefotaxime, third-generation cephalosporins) are administered as first-line therapies and have been used as prophylaxis for SBP, although the efficacy of prophylaxis is controversial. 30, 31 Quinolones (eg, ciprofloxacin, norfloxacin) may be used for SBP prophylaxis in patients and may be cost-effective, especially in high-risk patients (ascitic fluid total protein , 1.5 g/dL).
2,24,32-34 Universal prophylaxis in all patients with cirrhosis also may be economically favorable if the cost of the antibiotic prophylaxis is minimal. 30 Unfortunately, widespread prophylaxis may elicit bacterial antibiotic resistance and reduce clinical efficacy. 35 Indeed, bacterial antibiotic resistance to cefotaxime is increasing in prevalence, thus warranting the use of other antibiotics as prophylaxis and potentially impacting cost. 36, 37 Overall, direct cost analyses of antibiotic treatment for SBP are lacking. However, a clinical trial evaluating oral ofloxacin versus intravenous cefotaxime demonstrated comparable efficacy, disease resolution, treatment duration, and incidence of mortality. 38 Given that oral ofloxacin is less expensive and does not require intravenous administration, it is more cost-effective than cefotaxime. Similar results have been reported for oral amoxicillin-clavulanic acid and ciprofloxacin versus cefotaxime. 39, 40 Intravenous albumin may be added as a supplement to antibiotic therapy to improve arterial blood volume and reduce the endotoxin and cytokine levels in patients. The addition of albumin to antibiotic therapy reduces the risk of renal impairment and death versus antibiotic therapy alone, but the necessity for in-hospital intravenous administration may cast doubt on the economic benefit of this strategy. 41 
HE
HE is a common condition in patients with cirrhosis, occurring in approximately 10%-60% of patients. 42 The frequency of HE continues to increase, with a 21% increase in 2010 (Figure 2 ). In addition, the costs of HE continues to escalate to a level greater than $37,500 per single hospitalization ( Figure 3) . HE is caused by the accumulation of ammonia and other neuroactive substances within the systemic circulation due to reduced clearance by the liver as a result of portosystemic collateral formation or surgical alteration (eg, TIPS). 43 This accumulation of neurotoxic substances results in altered consciousness and motor abnormalities. The disease is progressive, and the symptoms range from minimal, with patients displaying only subtle disruptions in aspects of everyday life, to clinically severe. Minimal HE occurs in at least 20%-60% of patients with cirrhosis and is associated with the development of overt HE; therefore, effective management of minimal HE may prevent HE and its associated costs (eg, hospitalization). 42, 44 Current treatment of HE focuses on reducing the levels of ammonia and other neuroactive substances by altering or eliminating the source of these compounds (eg, intestinal bacteria). 
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The standard of care for HE is nonabsorbable disaccharides (eg, lactulose, lactitol), which are metabolized into propionic acid and lactic acid within the colon, resulting in colonic acidification and entrapment and excretion of ammonia.
2,43
Clinical evaluations of nonabsorbable disaccharides for the treatment of HE have produced contradictory results, calling into question the overall efficacy and cost-effectiveness of these therapies despite their relatively low cost. [45] [46] [47] [48] Long-term maintenance therapy with lactulose to prevent recurrence of overt episodes appears to be effective, but patient compliance may be substantially hindered by adverse events (eg, diarrhea, flatulence). 49, 50 Noncompliance with these therapeutic regimens would increase the possibility of HE recurrence and thus increase health care costs. There is also a lack of evidence to support the claim that nonabsorbable disaccharides prevent the progression of minimal HE to overt HE, which suggests that costs associated with overt HE, and thus treatments that perturb this progression might be more cost-effective despite a more expensive direct cost. To date, no such therapies have been identified. However, nonsystemic antibiotics may offer a beneficial long-term economic alternative to nonabsorbable disaccharides. 50 Nonsystemic antibiotics (eg, neomycin, rifaximin) target the gastrointestinal flora and alter the bacterial count, thereby reducing production and accumulation of neuroactive substances. 51 The efficacy of neomycin in HE alone or in combination with lactulose is questionable, [52] [53] [54] [55] [56] [57] and tolerability concerns 53, 55 prohibit its long-term use. In contrast, rifaximin alone is more effective than placebo, 58 and rifaximin alone or in combination with nonabsorbable disaccharides is at least as effective as nonabsorbable disaccharides in reducing HE symptoms. 46, 54, [59] [60] [61] [62] [63] [64] In addition, rifaximin alone or in combination with nonabsorbable disaccharides alleviates HE symptoms more rapidly than lactulose, signifying the potential of rifaximin to reduce hospitalization costs. 59, 61, 62, 64 A 2007 decision model analysis examined several competing therapeutic strategies for HE, including a "do nothing" strategy, lactulose monotherapy, lactitol monotherapy, neomycin monotherapy, rifaximin monotherapy, and rifaximin as salvage therapy in patients intolerant of lactulose. It demonstrated that the "do nothing" strategy was the least effective and rifaximin salvage therapy was the most effective. 65 Lactulose monotherapy and rifaximin salvage therapy were the least expensive and most effective compared with the other strategies, but rifaximin salvage therapy cost an incremental $2315 per QALY gained versus lactulose. These findings suggest that, based on hypothetical assumptions, rifaximin therapy is more effective than no treatment but more expensive than other treatment strategies. However, overall cost-effectiveness must take into account not only the direct cost of therapy but also indirect costs, such as length of hospitalization, patient compliance or lack thereof, clinical status of patients at the end of therapy, and the potential for recurrence of an HE episode. These factors were not examined in the aforementioned study. For example, based on data from a Phase III clinical trial evaluating the efficacy of rifaximin in maintaining remission of HE episodes, for Notes: *Data calculated using ICD-9-CM codes 291.2 (alcoholic dementia, not elsewhere classified), 348.30 (encephalopathy, not otherwise specified), and 572.2 (hepatic coma); includes all listed discharge diagnoses. For patients with hepatic encephalopathy or portal hypertension, the mean duration of hospital stay decreased during this period, although in-hospital charges continued to increase. Data with permission from HCUPnet. 66 In addition, one case of HE-related hospitalization can be prevented for every nine patients treated with rifaximin for up to 6 months. These data suggest that even though the direct cost of rifaximin is higher than placebo or "do nothing" strategies, benefits to the patient and a potential reduction in the need for long-term health care support the use of rifaximin as a cost-effective strategy.
In addition, several studies have evaluated the overall cost difference incurred by patients treated with rifaximin versus lactulose therapy. 67, 68 A retrospective chart review, published in 2006, of patients presenting with stage II HE who received either lactulose or rifaximin therapy demonstrated that the number and duration of hospitalizations was reduced in the rifaximin group compared with the lactulose group (Table 1) . 68 Further, the total cost of therapy per patient per year was reduced by $5327 with the use of rifaximin. Similar results were obtained in a 2005 retrospective chart review of patients with HE who initially received lactulose but were switched to rifaximin after its introduction in the US in 2004. 50 Compliance rate, clinical status at the end of treatment, and adverse events associated with rifaximin were also significantly more favorable than with lactulose (P , 0.001 for all) in this study. As a whole, these results imply that despite the increased direct cost of rifaximin compared with nonabsorbable disaccharides, the overall benefits of rifaximin in terms of prevention of HE-related hospitalization, breakthrough HE episodes, reduction in length of hospital stay, and increased compliance and tolerability support the economic benefit of rifaximin over nonabsorbable disaccharides.
When evaluating medical economics, all components must be considered. In the management of cirrhosis, drug costs, physician visits, procedures, and hospitalizations are the common economic components that determine the economic costs in treating the disease. HE management, in particular, rehospitalization, and length of hospital stays have been reported with economic costs recently presented. 66 Decreased length of stay, time to full diet, and frequency of readmission were found in patients treated with rifaximin prior to admission (Table 2) . 69 As the health care system transforms into a payer system guided towards bundle reimbursements, the health care provider will need to remain cognizant of lowering hospitalization frequency and shortening length of stay. In a retrospective review presented at the 2012 American College of Gastroenterology Annual Scientific Meeting, hospital readmissions were more frequent in patients on lactulose therapies. Although overall medication costs were much higher in the rifaximin groups, hospitalizations drove up cost to a significant amount culminating in rifaximin monotherapy group overall costs being 40% less than lactulose therapy ( Table 3 ). The primary indicators for readmission were Model for End-Stage Liver Disease-driven international normalized 
Conclusion
Despite the implementation of preventive measures, the incidence of cirrhosis has remained stable, although the health care cost associated with cirrhosis has risen. The cause of this cost increase is unknown but may be related to the cost differential between previous therapeutic regimens and new, more beneficial therapies. These more beneficial therapies, in addition to being associated with a higher direct cost, may allow a greater percentage of patients to survive to receive liver transplantation, itself a costly medical procedure requiring hospitalization and posttransplantation outpatient care. These new therapies may also increase the number of patients who will develop and require management for cirrhosis-related complications while awaiting liver transplantation. Because of this, cost-effective management of cirrhosis-related complications is essential. Analyses of drug efficacy and patient compliance and tolerability, in addition to direct costs of treatment regimens, are essential for accurate determination of the cost benefit of individual therapies; however, to date, few adequately designed studies have undertaken such analyses. Further, studies evaluating the overall cost burden, including screening costs, cost of treatment and maintenance therapy, conveyance to liver transplantation, liver transplantation success, and the economic aspect of HRQOL after transplantation, are essential for evaluation of the economic burden of cirrhosis-related complications. Until these data are assessed, it is difficult to determine the overall economic burden of cirrhosis-related complications and, more importantly, provide the most economical and beneficial treatment strategies to patients.
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